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Production and hosting byAbstract By applying the ‘theory of synchronization’ from the science of complexity to studying the
regional regularity of ore formation within the Nanling region of southern China, a characteristic target-
pattern regional ore zonality has been discovered. During the early and late Yanshanian epoch (correspond-
ing respectively to the Jurassic and Cretaceous periods), two centers of ore formation emerged successively
in the Nanling region; the former is mainly for rare metals (W, Sn, Mo, Bi, Nb) and one rare-earth element
(La) and was generated in the Jurassic period; whereas the latter is mainly for base metals (Cu, Pb, Zn, Sb,
Hg), noble metals (Au, Ag), and one radioactive element (U) and was generated in the Cretaceous period.
Centers of ore formation were brought about by interface dynamics respectively at the Qitianling and
Jiuyishan districts in southern Hunan Province. The characteristic giant nonlinear target-pattern regional
ore zonality was generated by spatio-temporal synchronization process of the Nanling complex metallo-
genic system. It induced the collective dynamics and cooperative behavior of the system and displayed
the configuration of the regional ore zonality. Then dynamical clustering transformed the configuration into
rudimentary ordered coherent structures. Phase dynamics eventually defined the spatio-temporal structures
of the target-pattern regional ore zonality and determined their localization and distribution. A new meth-
odology for revealing regional ore zonality is developed, which will encourage further investigation of
the formation of deep-seated ore resources and the onset of large-scale mineralization.
ª 2011, China University of Geosciences (Beijing) and Peking University. Production and hosting by Else-
vier B.V. All rights reserved.eosciences (Beijing) and Peking
evier B.V. All rights reserved.
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Elsevier1. Introduction
This paper consists of three interrelated sections that will be
published sequentially in successive issues of GEOSCIENCE
FRONTIERS. Part I: Theory of the target-pattern regional ore
zonality, in which synchronization, dynamical clustering and
phase dynamics are concisely expounded. Part II: The method-
ology, premises and methods of synchronization research and the
results of investigation are presented. Part III: The regularity of
regional ore formation of the Nanling regiondthe target-pattern
regional ore zonality is discussed in detail. Part I has already
Figure 1 Spaceetime representation (‘world line’) of a train on the
railway from Berlin to Ulm (After Liebscher, 2005).
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pp. 147e156. In Part II we shall elucidate the methodology,
premises and method of synchronization research and present the
results of investigation, i.e., the geochemical maps of the char-
acteristic target-pattern regional ore zonality of the Nanling region
in detail.
2. Methodology of research
In 1980, the author (Yu, 1980) put forward a natural philosophical
ideadthat geological processes and their spatio-temporal struc-
tures are the essence and nucleus of all geological phenomenad
the concrete implication of which is that the mass of the Earth and
its motion exist objectively and primarily. The essence of
geological processes is the motion of the mass of the Earth, which
can neither be divorced from time nor can it transcend space. The
evolution through time of geological processes possesses a definite
regularity, that is, the ‘temporal structure’. The spatial distribution
of geological processes also possesses a definite regularity, that is,
the ‘spatial structure’. Geological processes and their spatio-
temporal structures are bonded in a three-in-one (trinity) and
cannot be separated one from the other.
The close interweaving among geological processes and four-
dimensional space-time sets up geological processes and their
spatio-temporal structure, which realizes the onset and mecha-
nisms of the run of geological events and their spatio-temporal
localization. In short, the above-mentioned natural philosophical
idea became the guiding thought of my geological investigations,
including the present research.
3. The premises of synchronization research
3.1. Spatio-temporal duality
To carry out research on synchronization, ‘spatio-temporal
duality’ is the obligatory fundamental starting point. The
relationship between space and time possesses the duality of
dialectical unity. The essence of spatio-temporal duality (or dual
space-time) is an intrinsic attribute of ‘complementary relevance
of spatio-temporal contradiction and unity’ (Atmanspacher, 1994).
We may draw the following conclusion from the empirical
level of observation and operation: all imaginable observational
activity eventually refers to spatial positions as structural prop-
erties of systems. Any observation and measurement of time
finally reduces to one or another method of spatial pattern
recognition. For this reason, there is hard evidence that the basis of
exofacts in terms of space and time is given by external (exo) and
concrete (operational) space (Atmanspacher, 1994).
If we further elaborate the spatio-temporal duality by ‘spacee
time geometry’ (or spaceetime diagram), then all events that evolve
in time and localize in space can be represented as a whole by
a continuous line (called a ‘spaceetime line’), whereas a single event
or several coincident events can be expressed as ‘spaceetime points’
on this line. The spaceetime line (also called ‘spaceetime trajec-
tory’ or ‘world line’) represents the whole history of a studied object
(Liebscher, 2005). As an example, we represent space by a plane in
which the border of Germany and the railway fromBerlin to Ulm are
indicated (Fig. 1). The history of a moving point, i.e., Liebscher’s
‘world line’, is exemplified here by the timetable of the train from
Berlin to Ulm. The elapsed time is represented by the height over the
fundamental plane. The slower the train, the steeper the world line.The world line will never be horizontal, because that would be
interpreted as the train being at different places at the same time. The
world line can be vertical: in this case, the train has stopped.
Thus, research on motions of any matter eventually reduces to
the inspection of a spaceetime trajectory. In geology, the history
of the motion of matter in the Earth exhibits as various ‘spatio-
temporal profiles’, which is the synthetic realization of the
geological processes and their spatio-temporal structure in
a specific district.
3.2. The propagation of chemical waves
For reasons stated below, chemical waves and their propagation
are the obligatory central idea to study complex, coupled reaction-
transport processes.
(1) Chemical waves appear everywhere.
It is known from physics that vibrations appear provided the
curve of potential energy possesses the minimum value. Hence
numerous physical, chemical, biological and geological processes
appear in dynamical systems with oscillatory motion. Chemical
waves are perturbations produced by changes of concentrations of
chemical components in fluids. Now that concentration changes of
chemical substances in nature happen everywhere, it is not
surprising that minima may be easily observed in the curves of
potential energies. This answers the question of why chemical
waves appear everywhere. This is also the important basis for the
application of the theory of synchronization to the study of
geological and ore-forming systems.
(2) Reactionediffusion is the most basic and typical interaction
for generation of chemical waves, and it causes the latter to
possess the most highly active and rich and diversified func-
tions and behavior.
Chemical reaction is a kind of nonlinear local dynamics. It
frequently presents as a limit cycle oscillation, and it usually
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oscillators, whereas diffusion plays the role of ‘spatial coupling’
in the system, and the total system may be imagined as forming
a diffusion-coupled field of similar limit cycle oscillators.
The ‘diffusion-coupled field of similar limit cycle oscillators’
possesses an outstanding nature. It is not only different from the
hydrodynamical field, but also different from the thermodynam-
ical cooperative system. Its uniqueness consists in that each local
subsystem can operate in far-from-equilibrium situations so that it
may represent a very active functional unit. It is this difference
that makes reactionediffusion media become a typical non-equi-
librium cooperative system, capable of exhibiting rich and
diversified self-organization phenomena including chaos never
met in an equilibrium or near-equilibrium cooperative system
(Kuramoto, 1984).4. Methods of synchronization research
4.1. The operation of spatio-temporal profiles
We take spatio-temporal profiles as basis, carry out line-scanning
over the whole studied region, and achieve spatio-temporal
synchronization research on the complex, regional ore-forming
system.
In geology, the natural land surface of any geological district is
a real spatio-temporal surface of the earth’s material. Therefore,
the history of the motion of the earth’s material can be represented
by superposition of these spatio-temporal surfaces composed of
various chemical waves, whereas the spatio-temporal profiles are
the synthetic realization of the geological processes and their
spatio-temporal structures. Thus, we can carry out spatio-temporal
synchronization research on complex, regional ore-forming
systems by way of observing and measuring (i.e. scanning) the
spatio-temporal profiles of chemical waves in the studied
geological and ore-forming regions.
4.2. Collection of integral information of concentration-
spaceetime in sampling
On the basis of the intrinsic attribute of ‘complementary relevance of
spatio-temporal contradiction and unity’ of the spatio-temporal
duality, we collect integral information of concentration-spaceetime
in sampling from the data of exploration-geochemical survey. In this
way we overcome the shortcomings of the conventional method of
collecting merely the concentration-space information while entirely
omitting (neglecting) the temporal information.
4.3. Rational pairwise matching of chemical elements
constituting spatio-temporal profiles
The investigation of synchronization has to take phase differences
between two pairwise matched chemical waves as a basis. We
achieve pairwise matching of chemical elements by virtue of the
new definition of ore deposits (Yu, 2006) as ‘autosolitons’ in the
ore-forming system. The formation of ore deposits is the result of
the dialectical unity of local activation and long-range inhibition
of the ore-forming system. The formation of ore deposits (auto-
solitons) can be summed up as and reduced to the following
fundamental mathematical model, which is based on two
nonlinear partial differential equations of source-diffusion type:tq
vq
vt
Zl2Dq qðq;h;AÞ ð2:1Þ
th
vh
vt
ZL2DhQðq;h;AÞ ð2:2Þ
where q and h represent respectively the values of activator and
inhibitor; tq and th represent respectively the characteristic time
scale of the activator and inhibitor; l and L represent respectively
the characteristic length scale of the activator and inhibitor.
“Sources” q and Q are nonlinear functions of q, h and A, but not
the explicit function of coordinates and time. A is the bifurcation
parameter, expressing the degree of non-equilibrium of the
system.
According to the theory of autosoliton, the formation of
autosolitons is the result of the dialectical unity of local activation
and long-range inhibition: (1) the process of inhibition is slower
than the process of activation (th[ tq), so that the former
cannot inhibit the local activation of the activator in the region
with the size of dz (lL)1/2, thus induces stratification of the
homogeneous states in the active distributive media, and leads to
the formation of the dissipative structures; (2) the range of inhi-
bition is longer than that of action (L[ l ), so that this leads to
localization and isolation of the dissipative structures (Kerner and
Osipov, 1994).
In general, the ore-forming media (hydrothermal fluid or
magma) not only contain a sufficient quantity of ore-forming
elements, but also an appropriate quantity of ore-controlling and
ore-transporting elements. The ore-forming and ore-transporting
elements are activators, because they play the role of local acti-
vation in ore formation; and the ore-controlling element is the
inhibitor, because it plays the role of long-range inhibition.
Because the range of wallrock alteration formed by the ore-
controlling elements is much larger than the sizes of ore bodies
formed by the ore-forming elements, the range of inhibition is
generally much longer than that of activation (L[ l ). In addi-
tion, owing to the process of alteration (inhibition) being much
longer than the process of ore formation (activation), the inhibi-
tion is slower than that of ore formation (th[ tq) (Fig. 2).
The statement ‘the formation of ore deposits is the dialectical
unity of local activation and long-range inhibition of the
ore-forming system’ implies balance between the nonlinear
aggregation of the activators in the ore-forming pulsatory wave
(autosolitons) and the linear dispersion of the inhibitors in the
altered wallrock. Thus, the proper positive feedback activators
(both ore-forming and ore-transporting elements) have to be
chosen to accomplish the corresponding pairwise matching of
chemical elements.
According to the epoch of ore formation of the rare metals and
base metals in the Nanling region, the following 14 chemical
elements were chosen to be the chief objects of research:
Early Yanshanian epoch: 6 elements eW, Sn, Mo, Bi, Nb, La.
Late Yanshanian epoch: 8 elements e Cu, Pb, Zn, Ag, Au, Sb,
Hg, U.
We chose the ore-transporting elements F and As from the
analytical data to match with the appropriate metal elements in the
above list to form the following rational pairwise matching of
chemical elements:
WeF, SneF, MoeAs, BieAs, NbeF, LaeF: 6 pairs
Figure 2 Synthesized longitudinal section of porphyry copper ore deposit of Tongchang, Jiangxi Province (after Zhu et al., 1983). gdp:
granodiorite porphyry; H: metamorphosed phyllite; Hf: hornfel. Meaning of the upper-right index on the symbols of rock names gdp and H:
1dweakly altered, 2dmoderately altered, 3dstrongly altered.
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UeF: 8 pairs.4.4. The definition of ‘phase’
According to the definition of ore deposits as ‘autosolotons’ in the
ore-forming system and the mechanisms of their formation as the
balance between local activation and long-range inhibition of the ore-
forming system, the ‘phase’ in the dynamics of ore formation can be
defined as concentrations of chemical (ore-forming and ore-trans-
porting) elements genetically related to ore formation at geological
spaceetime points. These constitute spatio-temporal profiles (i.e.,
spatio-temporal propagation of chemical waves) of their periodic (or
quasi-periodic) variation (oscillation) byway of positive and negative
feedbacks (manifested as fluctuations of concentrations of chemical
elements).
4.5. Calculation of phase function
For ordinary simple harmonic vibration, the relation between the
phase and time is a linear transformation: fZ2pT þ f0. However,
for non-simple harmonic oscillation with varying amplitude and
frequency, this simple linear transformation is no longer valid but
has to be replaced by a new method of calculation for the phase
function.Figure 3 CalculationIn fact, the amplitude A has no influence on the phase, so that
uZu(t) becomes the unique decisive factor. However, as it is not
easy to obtain fZ
R t
0 uðtÞdtþ f0, so we turn to the expression
fZ2pT þ f0 in practical data processing (Fig. 3). In Fig. 3,
kh 2p/l, called “wave number”. k corresponds to u, u represents
the variation of phase in unit time, whereas k represents the
variation of phase in unit distance. This relation of correspondence
reflects the intrinsic attribute of complementary relevance of
spatio-temporal contradiction and unity of spatio-temporal duality
of the spatio-temporal periodicity (Atmanspacher, 1994).
We know from the discussion of spatio-temporal duality above
(Section 3), after the calculation of phase function by the formulas (a)
and (b) inFig. 3 for spatio-temporal profiles, that all the spatio-temporal
periodic phase curves have been obtained in the Nanling region.
4.6. Determination of threshold of synchronization and
interpretation of its significance
The Nanling region has been divided from north to south into 172
spatio-temporal profiles along an EeW direction. The distance
between any two neighboring profiles is 2 km, and the distance
between any two neighboring sampling points is also 2 km. The
length of each profile is 510 km, which contains 250 sampling
sites.
For each spatio-temporal profile, the phase differences of 14
pairs of chemical elements were calculated: WeF, SneF, MoeAs,of phase function.
Figure 4 A very intense shock wave propagating in quiescent air
(after Barenblatt, 2003).
Figure 5 Logarithmic plot of the fireball radius, showing that rf
5/2 is
proportional to the time t (after Barenblatt, 2003).
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SbeAs, HgeAs, UeF. The sites where the threshold of phase
synchronization appears and the corresponding lengths of the
platform of synchronization are recorded.
The threshold of synchronization is the indicator of the degree
of maturation of ore formation. It is different from the anomaly of
geochemical exploration, the latter contains only the concentra-
tions of chemical elements and their spatial locality, but not the
temporal information, and thus it is static, whereas the threshold
of synchronization contains integral information of ore formation:
the concentrations of ore-forming and ore-transporting elements;
space (i.e., spatial locality) and time; besides, the degree of
maturation of ore formation not only reflects the processes and
mechanisms of ore formation, but also the spatial distribution of
the latter. Hence the threshold of synchronization can reveal the
onset of ore formation and the mechanisms of the latter.
4.7. Demarcation of spaceetime domains of ore formation
It is possible to demarcate the spaceetime domains of ore
formation by the spatio-temporal range of two-dimensional
extension of the thresholds of synchronization.
4.8. Revelation of spatio-temporal localization of ore
zoning
Applying the principle of ‘intermediate asymptotics’ derived from
the study of scaling law and self-similarity (Barenblatt, 1996,
2003) to reveal the emergence of ore zoning from the spacee
time domains of ore formation, and determine the spatio-temporal
localization of ore zoning (dynamical ordered structure) from the
collective behavior (spatio-temporal synchronization) of regional
ore-forming systems.
Scale invariance and self-similarity are mathematical models
abstracted from the real world. When a new model is set up, not
all factors can be included into the model but some secondary
factors are eliminated while retaining the primary ones. Thus in
setting up a model, it is necessary to idealize the situation to some
degree. In idealizing a phenomenon, one should examine it at an
intermediate distance or time interval, which must be large enough
to eliminate the secondary factors but at the same time small
enough to demonstrate the important factors. So mathematical
models should be based on such ‘intermediate asymptotics’, as
defined exactly by Barenblatt (2003). It is well known that an
asymptotic representation, or an asymptotic for short, is an
approximate representation of a function valid in a certain range of
independent variables.
The intermediate asymptotics for a phenomenon are deter-
mined in the following way: assume that in the phenomenon under
consideration, there exist two values of an independent variable x,
x1 and x2, having widely different magnitudes
x1  x2 ð2:3Þ
then the asymptotic representation of certain properties of the
phenomenon in the range
x1  x x2 ð2:4Þ
corresponding to values of the independent variable x that are
large in comparison with the first scale x1 but small in comparison
with second scale x2 is called the ‘intermediate asymptotics’.
More precisely, if in a problem we have two widely differentscales x1 and x2 in the values of an independent variable x, then we
call the intermediate asymptotics an asymptotic representation for
x/x1/N but x/x2/ 0.
This point can be demonstrated by the problem of an explosion
of an atomic bomb (Barenblatt, 2003). The question is: if such an
explosion were to occur, when and where might the very intense
and concentrated mechanical effect be expected? Taylor’s (1941)
analysis of the basic intermediate stage of a nuclear explosion is
one of the most illuminating examples of the discovery of scaling
law and self-similarity as well as of intermediate asymptotics. At
this stage a very intense shock wave propagates in the atmosphere
and the gas motion inside the shock wave can be considered as
adiabatic (Fig. 4).
Taylor’s (1941) investigation found that:
(1) the radius (rf) of the shock wave as well as the pressure (pf),
density (rf) and velocity (yf) immediately behind the shock
wave front obeys the scaling law, i.e., it is scale invariant in
time (Fig. 5);
Figure 6 Air pressure (p) as a function of radius (r) at various
instants of time for the motion of air following an explosion of an
atomic bomb. The pressure distributions at various times are similar to
one another (after Barenblatt, 2003).
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(i) the spatial distributions of pressure (p) at various times are
similar to one another (Fig. 6);
(ii) the spatial distributions of pressure (p), density (r) and
velocity (y) in the reduced ‘self-similar’ coordinates r/rf,
p/pf, y/yf and r/rf do not depend on time (Fig. 7);
(3) when the explosion of the atomic bomb occurred, an instan-
taneous, concentrated, very intense explosion appeared
in the following intermediate time and space intervals,
T1Z

r0r
5
0
E
1=2
 t
 
r0E
2=3
p
5=3
0
!1=2
Z T2 ð2:5Þ
L1Zr0  r

E
p0
1=3
Z L2 ð2:6Þ
i.e., for times, and at distances from the center of the explosion,
which are sufficiently large that the influence of the size of the
region of initial energy discharge vanishes and at the same timeFigure 7 Spatial distributions of gas pressure, density and velocity
in the reduced “self-similar” coordinates p/pf, r/rf, y/yf and r/rf are
invariant in time (after Barenblatt, 2003).sufficiently small that the influence of the counter-pressure p0 is
not yet felt. This is an intermediate asymptotic representation of
when and where the very intense and concentrated mechanical
effect would appear if a nuclear explosion were to occur.
The symbols in Eqs. (2.5) and (2.6) are: T, time; L, distance; t,
time reckoned from the moment of explosion; r, distance from the
center of explosion; E, total explosion energy; r0, initial radius of
the shock wave; p0, pressure of the ambient quiescent air; r0,
initial density of the ambient air.
4.9. Use of intermediate asymptotics
In any scientific study, the primary thing in which the investigator
is interested is the development of phenomena for intermediate
times and distances away from the boundaries such that the effects
of accidental features or fine details in the spatial structure of the
boundaries have disappeared but the system is still far from its
ultimate equilibrium state. This is precisely where the underlying
laws governing the phenomena appear most clearly; therefore,
a chosen intermediate asymptotics is of primary interest in every
scientific study (Barenblatt, 2003).
In order to apply intermediate asymptotics to reveal the spatio-
temporal localization of ore zoning from the spaceetime domains
for mineralization, the author adopted the following procedure:
First step: gross adjustment of the threshold platforms of
synchronization on the studied map of the spaceetime domain for
mineralization (for a certain ore-forming element) to determine
the potential interval of the range of the ore zone.
Second step: fine tuning by zooming up and down the average
(i.e. intermediate) threshold platforms of synchronization to ulti-
mately demarcate (or delineate) the asymptotic boundaries of the
ore zone of the studied ore-forming element.
The self-similar solutions may be obtained by dimensional
analysis or by solving the nonlinear eigenvalue problem
(Barenblatt, 1996). Self-similar solutions are always solutions to
the limiting, idealized problem for which the parameters having
the same dimensions as the independent variables are equal to
zero or infinity. Under the non-limiting, non-idealized conditions
(this is the frequent, real situations), self-similar solutions possess
the form of intermediate asymptotics. Thus, self-similar solutions
are of intrinsic interest not only, not mainly, as exact solutions of
isolated, specific problems but above all as intermediate asymp-
totic representations of the solutions to much wider classes of
problems. In other words, the self-similar solutions reveal the
intermediate asymptotic behavior in self-similarity, so that the
discovery of the scaling law not only deepens the knowledge of
single phenomena, but also allows drastic changes in the under-
standing of some wide branches of science. The history of science
of the last two centuries knows many such examples.
4.10. Mapping of regional ore zoning for the Nanling
region
We utilized ‘Geostatistics’ and the method of ‘Kriging’ to carry
out mapping of regional ore zoning in Nanling region.
Geochemical fields possess the dual attributes of stochasticity and
structuralization. Geostatistics is a theory of stochastic field which
takes spatial correlation (i.e., spatio-temporal structure of miner-
alization) as its foundation, regionalized variables as the nucleus,
and the variagram function as a basic tool. Kriging is a method of
local estimation, which gives an unbiased linear estimator for the
Figure 8 Map of the distribution of spaceetime domains for mineralization of six elements in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
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Figure 9 Map of the distribution of spaceetime domains for mineralization of eight elements in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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Figure 10 Map of ore zoning of wolfram (W) in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
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Figure 11 Map of ore zoning of tin (Sn) in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
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Figure 12 Map of ore zoning of molybdenum (Mo) in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
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Figure 13 Map of ore zoning of bismuth (Bi) in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
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Figure 14 Map of ore zoning of lanthanum (La) in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
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Figure 15 Map of ore zoning of niobium (Nb) in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
C
.W
.
Yu
/
G
eo
scien
ce
F
ro
n
tiers
2
(3
)
(2
0
1
1
)
3
2
3
e
3
4
7
3
3
6
Figure 16 Map of ore zoning of copper (Cu) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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Figure 17 Map of ore zoning of lead (Pb) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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Figure 18 Map of ore zoning of zinc (Zn) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
C
.W
.
Yu
/
G
eo
scien
ce
F
ro
n
tiers
2
(3
)
(2
0
1
1
)
3
2
3e
3
4
7
3
3
9
Figure 19 Map of ore zoning of silver (Ag) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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Figure 20 Map of ore zoning of gold (Au) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
C
.W
.
Yu
/
G
eo
scien
ce
F
ro
n
tiers
2
(3
)
(2
0
1
1
)
3
2
3e
3
4
7
3
4
1
Figure 21 Map of ore zoning of mercury (Hg) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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Figure 22 Map of ore zoning of antimony (Sb) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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Figure 23 Map of ore zoning of uranium (U) in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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Figure 24 Map of regional ore zoning of six elements in the Nanling region: Early Yanshanian epoch (J, 205e135 Ma).
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Figure 25 Map of regional ore zoning of eight elements in the Nanling region: Late Yanshanian epoch (K, 135e52 Ma).
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(Sarma, 2009; Mckillup and Dyar, 2010).
5. Results of synchronization research
5.1. The explanation of the studied region and the available
data
The studied Nanling region is a mountain system composed of five
mountain rangesdYuechengling, Dupangling, Mengchuling,
Qitianling and Dayuling, which are located at the junction of four
provinces in southern ChinadHunan, Jiangxi, Guangdong, and
Guangxi. It is the watershed that divides the Yangtze and the Pearl
River systems. The geographical coordinates of the Nanling
region are east longitude 110Ee115E and north latitude
24Ne27N, bounding an area of 170,000 km2.
The available original data used in this research are the
geochemical data from stream sediments for the 1:200,000 scale
regional geochemical exploration of Hunan, Jiangxi, Guangdong
and Guangxi provinces of southern China. The number of
sampling sites was 86,297; each sample possesses concentration
data for 30 chemical elements with a total number of data of
2,588,810.
172 spatio-temporal profiles along an EeW direction were laid
out in the Nanling region. The length of each profile is 510 km,
which contains 250 sampling sites. There are 42,226 sampling
sites in the studied region. After discounting 1989 sites because
data were missing or they were outliers with excessively high or
low values, the available sampling sites are 40,237, with
1,126,636 available data in total. Time used for data processing by
computers is 1500 h.
5.2. The various regional geochemical maps of the Nanling
region
(1) Map of the distribution of spaceetime domains for mineral-
ization in the Nanling region
(i) Early Yanshanian epoch (J, 205e135 Ma) Fig. 8 (for 6
elements)
(ii) Late Yanshanian epoch (K, 135e52 Ma) Fig. 9 (for 8
elements)
(2) Map of ore zoning of ore-forming elements in the Nanling
region
(i) Early Yanshanian epoch (J, 205e135 Ma) Figs. 10e15
(for 6 elements)
(ii) Late Yanshanian epoch (K, 135e52 Ma) Figs. 16e23 (for
8 elements)
(3) Map of regional ore zoning in the Nanling region
(i) Early Yanshanian epoch (J, 205e135 Ma) Fig. 24 (for 6
elements)
(ii) Late Yanshanian epoch (K, 135e52 Ma) Fig. 25 (for 8
elements)Remarks:
(1) The significance of these geochemical maps will be discussed
in detail in Part III of this paper to be published in the
following issue of GEOSCIENCE FRONTIERS.
(2) For better understanding the regional geological back-
ground of these geochemical maps, it is recommendable to
compare them with Fig. 2 (Map of geology and mineral
resources of the Nanling region, China) in Part I of this
paper (Yu, 2011).
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